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1. Introduction
To enhance the basic mobility functions that were introduced in NR R15 [1], RAN#80 plenary has approved a WI (Work Item) “NR mobility enhancement”. And one objective is:
	· 	To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited.  
· Conditional handover  
· Fast handover failure recovery 


Since CHO (conditional handover) has been approved to introduce in NR, in this contribution, we will provide our consideration on the fast failure recovery in NR from the perspective of reduction on the RLF recovery timer T310, the combination of messages during RRC reestablishment and assistant target cell List information for successful RRC reestablishment procedure.
2. [bookmark: OLE_LINK1]Discussion
2.1 Introduce Timer T312 as LTE
In HO procedure, only if a given condition of a corresponding measurement event is met and maintains for TTT (Time to Trigger), UE will trigger the measurement report. And once the radio link between UE and SgNB deteriorates (for some cases, e.g. during the Handover from macro cell to micro cell in HetNet deployment，the UL may continue to use, while the DL is not available for most even any cases), timer T310 will star immediately. Hence, in this contribution, we provide four categories of timing relationship between T310 and TTT for the first step.
Cat.1: TTT expires before T310 start
Cat.2: TTT start before T310 start, and TTT expires before T310 expiry
Cat.3: TTT start after T310 start, and TTT expires before T310 expiry
Cat.4: TTT start after T310 expiry, and TTT expires after T310 expiry


Figure1 Different cases for timing relationship between timer T310 and TTT
Accordingly, if the value of T310 is so much short that T310 expires before TTT expiry(Cat.4), which may lead to “premature” RLFs, resulting in reestablishment failure due to the TgNB being unprepared. However, excessive T310 will lead to that the interruption time become longer. Therefore, to adopt shorter T310 with appropriate value might be an efficient method to improve the HO performance.
Observation 1: To adopt shorter T310 with appropriate value might be an efficient method to improve the HO performance.
As shown in Figure2, if UE detects poor radio link to source cell, then UE would start timer T310 in traditional procedure. The UE would try to recovery until the timer expires. Only when T310 expires, UE declares RLF and try to reestablish, which leads to a long time to wait. Therefore, in NR, also introduction a new timer T312 which has been introduced in LTE to speed up reestablishment procedure to reduce latency is help to alleviate this problem. As in Figure3, if a target cell with better radio link quality than the source cell is detected before T312 expires, UE triggers a measurement report and starts the associated timer T312. If T312 expires, UE could trigger RLF and speed up reestablishment. However, the benefit brought by the timer T312 will not be reflected if T310 expires earlier than T312. 

Figure2 Traditional using of timer T310


Figure3 Introduction of timer T312
Observation 2: The benefit brought by the timer T312 will not be reflected if T310 expires earlier than T312.
Proposal 1: As a baseline, in NR, timer T312 could be introduced as LTE to mitigate reestablishment latency.
2.2 RRC Reestablishment enhancement
For RRC Reestablishment procedure (Figure4), RRCReestablishment message is carried in Msg4, sent on SRB0, containing full configuration information for SRB1, from gNB to UE. Then the RRCReestablishmentComplete message will be transmitted on SRB1 from UE to gNB, upon successful reception of RRCReestablishmentComplete at the NW, meaning that the RRC Reestablishment procedure is complete successfully. Subsequently, the RRC Reconfiguration procedure will be initiated by gNB, RRCReconfiguration and RRCReconfigurationComplete messages are both transmitted via SRB1. 


Figure4 Basic Reestablishment and Reconfiguration procedure
For fast HO failure recovery, the lower latency the better, considering comprehensively that the both messages RRCReestablishmentComplete and RRCReconfigurationComplete have almost equivalent content as illustrated in Figure5, as specified in TS38.311. Consequently, we could consider to combine the two messages as one message RRCReconfigurationComplete for signaling overhead reduction and time latency mitigation, as the optimized procedure shown in Figure6 step8. 
[image: ] [image: ]
Figure5 RRCReestablishmentComplete and RRCReconfigurationComplete content comparison


Figure6 Optimized fast HO failure recovery procedure
The content of RRCReestablishment message is also carried in RRCReconfiguration, however, RRReCconfiguration is needed to send on SRB1 which is configured completely after the successful reception of RRCReestablishment at UE. Therefore, RRCReestablishment and RRCReconfiguration may not be combined unless that SRB1 could be activated early during RRC RRCReestablishment procedure.
Observation 3: RRCReestablishment and RRCReconfiguration may not be combined unless that SRB1 could be activated early during RRC RRCReestablishment procedure.
Proposal 2: In NR，for fast HO failure recovery, we could consider to combine the two messages RRCReestablishmentComplete and RRCReconfigurationComplete as one message RRCReconfigurationComplete for signaling overhead reduction and time latency mitigation.
2.3 Explicit or implicit target cell list
In order to avoid a UE selecting a TgNB without the UE context, which will resulting in a failure RRC reestablishment procedure, SgNB could provide some assistance explicitly or implicitly. For instance, SgNB can inform a recommended cell list where the UE context is available to UE to choose during cell selection for RRC reestablishment. As the candidate cells in the cell list are determined by SgNB according to the measurement report from UE, the SgNB could inform the recommended cell list, where the UE context had been acquired and stored during handover preparation phase from SgNB, to UE through the RRC message explicitly. However, considering that the cell list may lead to RRC message overload, SgNB could indicate to UE to select one available TgNB implicitly according to the descending order of RSRP/RSRQ value in measurement report from the UE.
Proposal 3a: it is proposed that SgNB could inform a recommended target cell list where the UE context is available to UE through the RRC message explicitly.
Proposal 3b: Considering that the cell list may lead to RRC message overload, SgNB could indicate to UE to select one available TgNB implicitly according to the descending order of RSRP/RSRQ value in measurement report from the UE.
3. Conclusion 
In this contribution, we make some discussions on the fast failure recovery in NR, with the following observations and proposals:
Observation 1: To adopt shorter T310 with available value might be an efficient method to improve the HO performance.
Observation 2: The benefit brought by the timer T312 will not be reflected if T310 expires earlier than T312.
Observation 3: RRCReestablishment and RRCReconfiguration may not be combined unless that SRB1 could be activated early during RRC RRCReestablishment procedure.
Proposal 1: As a baseline, in NR, timer T312 could be introduced as LTE to mitigate reestablishment latency
Proposal 2: In NR，for fast HO failure recovery, we could consider to combine the two messages RRCReestablishmentComplete and RRCReconfigurationComplete as one message RRCReconfigurationComplete for signaling overhead reduction, meanwhile time latency mitigation.
Proposal 3a: it is proposed that SgNB could inform a recommended target cell list where the UE context is available to UE through the RRC message explicitly.
Proposal 3b: Considering that the cell list may lead to RRC message overload, SgNB could indicate to UE to select one available TgNB implicitly according to the descending order of RSRP/RSRQ value in measurement report from the UE.
4. Reference
[bookmark: _Ref21535][bookmark: _Ref4018][bookmark: OLE_LINK2][1].RP-181433 , New WID: NR mobility enhancements, 3GPP TSG RAN Meeting #80, La Jolla, USA, May 21-May 25 2018.  
[bookmark: _GoBack]



oleObject1.bin
�

Poor radio link quality to source cell detected


T310 starts


UE attempts to recovery while T310 is running


UE declares RLF and try to reestablsih when T310 expires


Cat.1
TTT


Cat.2
TTT


Cat.3
TTT


Cat.4
TTT



image2.emf
Poor radio link quality 

to source cell detected

T310 starts

UE attempts to recovery while T310 is running

UE declares RLF and try to reestablsih when 

T310 expires


oleObject2.bin
�

Poor radio link quality to source cell detected


T310 starts


UE attempts to recovery while T310 is running


UE declares RLF and try to reestablsih when T310 expires



image3.emf
Poor radio link quality 

to source cell detected

T310 starts

T312 starts

T312 expires and UE triggers 

RLF and try to re-establish


oleObject3.bin
�

Poor radio link quality to source cell detected


T310 starts


T312 starts


T312 expires and UE triggers RLF and try to re-establish



image4.emf
UE gNB 1.RRCReestablishmentRequest

（ carrying in Msg3） on SRB0

2.RRCReestablishment

(carrying in Msg4) on SRB0 ,

containing full configuration information for SRB1

3.RRCReestablishmentComplete on SRB1

4.RRCReconfiguration on SRB1

5.RRCReconfigurationComplete on SRB1

RRC Reestablishment procedure

RRC Reconfiguration procedure


oleObject4.bin
�

文本�


image5.png
RRCReestablishmentComplete message

COMPLETE-

eestablishmentComplete SEQUENCE {

CHOICE {

}

RRCReestablishmentComplete-IES SEQUENCE {





image6.png
RRCReconfigurationComplete message

CONFIG!

ATIONCOMPLET!

RRCReconfigurationComplete

SEQUENCE {

CHOICE {

}

RRCReconfigurationComplete-IEs

SEQUENCE {

SEQUENCE {
UplinkTxDirectCurrentList OPTIONAL,
SEQUENCE {7} OPTIONAL

UpIINkTxDi rectCirrentiist





image7.emf
UE SgNB TgNB

1.Measurement configuration

2.Measurement report

3.RRCReestablishmentRequest on SRB0

providing the UE Identity (PCI+C-RNTI)

AMF

4.Retrieve UE context request

5.Retrieve UE context response

6.RRCReestablishment on SRB0 

8. RRCReconfigurationComplete on SRB1

9.Data forwarding address 

indication

10.Path switch request

11.Path switch request response

12.UE context release

7.RRCReconfiguration on SRB1


oleObject5.bin
�

UE


SgNB


TgNB


1.Measurement configuration


2.Measurement report


3.RRCReestablishmentRequest on SRB0
providing the UE Identity (PCI+C-RNTI)


AMF


4.Retrieve UE context request


5.Retrieve UE context response


6.RRCReestablishment on SRB0 


8. RRCReconfigurationComplete on SRB1


9.Data forwarding address indication


10.Path switch request


11.Path switch request response


12.UE context release


7.RRCReconfiguration on SRB1



image1.emf
Poor radio link quality 

to source cell detected

T310 starts

UE attempts to recovery while T310 is running

UE declares RLF and try to reestablsih when 

T310 expires

Cat.1

TTT

Cat.2

TTT

Cat.3

TTT

Cat.4

TTT


